Little is known about health care use in the cognitive impairment, not dementia (CIND) subpopulation. Using a cohort of 7130 persons aged 71 years or over from the Health and Retirement Survey, we compared mean and total health care use from 2002 to 2008 for those with no cognitive impairment, CIND, or dementia in 2002. Cognitive status was determined using a validated method based on self or proxy interview measures. Health care use was also based on self or proxy reports. On the basis of the Health and Retirement Survey, the CIND subpopulation in 2002 was 5.3 million or 23% of the total population 71 years of age or over. Mean hospital nights was similar and mean nursing home nights was less in persons with CIND compared with persons with dementia. The CIND subpopulation, however, had more total hospital and nursing home nights-71,000 total hospital nights and 223,000 total nursing home nights versus 32,000 hospital nights and 138,000 nursing home nights in the dementia subpopulation. A relatively large population and high health care use result in a large health care impact of the CIND subpopulation.
W ith most nations projected to experience an increase in the proportion of their population that is aged, future dementia care and cost burdens are a significant concern. 1 Globally, the number of persons with dementia is expected to triple by 2050. 2 Alzheimer disease is the most common type of dementia and accounts for 60% to 80% of all cases in the United States. 3 Persons with Alzheimer disease or other dementias are 3 times more likely to be hospitalized and nearly 9 times more likely have a nursing home stay than persons without these conditions. 3 It is estimated that patients with dementia accrue >3 times the Medicare expenditures of patients without dementia. 4 Thus, dementia has a large impact on the use and cost of health care services.
Because of the important personal, family, and social impact of dementia, there is great interest in interventions that could prevent or delay the onset of this disease. 5 This interest has led to greater awareness of earlier stages of cognitive impairment (CI) such as cognitive impairment, not dementia (CIND). CIND is defined as CI that represents a decline from prior functioning but does not reach a level that meets diagnostic criteria for dementia. 6 Operational definitions of CIND and mild CI have converged recently and CIND and mild CI identify substantially the same individuals. 7 The prevalence of CIND in persons 71 years or older population has been estimated to be over 20% or 5 million older adults in the United States, 8 which is 60% greater than the prevalence of dementia. 9 Early evidence suggests that the physical and emotional strain of caring for persons with CIND may be similar to that of the strain of caring for persons with dementia. 10 Although a rich literature documents the excess use of health care associated with dementia, 11 little is known about the impact of CIND on health care use.
We are aware of no nationally representative reports characterizing the health care impact of this large group of older adults who suffer from CI but do not meet criteria for dementia. We used nationally representative data to compare home health, hospital, and nursing home use over a 6-year period among older adults with no CI, CIND, or dementia in 2002. We also provide estimates of the number of persons with no CI, CIND, or dementia in 2002 within 6 age by sex categories and mean and total hospital and nursing home nights for the period 2002 to 2008 by 2002 cognitive status within the age by sex subpopulations. We present data on both health care use and population size so that we may estimate health care impact-a product of rates of use and population size-across the no CI, CIND, and dementia subpopulations. Six years of follow-up allow differential death and conversion to or reversion from CIND or dementia across the subpopulations to factor into the estimates of health care impact. study. The sample was constructed from a multistage national area probability sample with oversamples of black and Hispanic persons and residents of Florida. Projectsupplied sampling weights can be used to create nationally representative estimates. For our project, we focused on the 7130 respondents who were aged 71 years or over at the 2002 interview and who either self-responded (6040) or were represented by a proxy-respondent (n = 1090). Interviews were conducted face-to-face or over the telephone.
Over the years, HRS subsamples have been selected to test new data collection modules or gather timely data. Between 2001 and 2003, the Aging, Demographics, and Memory Study (ADAMS) was conducted on an HRS subsample. To create the subsample, 1770 HRS respondents were selected using stratified random sampling with strata based on 5 levels of a self or proxy cognitive measure taken from the HRS. Of these, 856 persons aged 71 years or over completed all in-home measures and neuropsychiatric assessments. The ADAMS subsample has been used to validate the HRS index (a set of measures used to determine cognitive status in the full HRS sample).
ADAMS Cognitive Status Determination
A consensus panel comprised neuropsychologists, neurologists, geropsychiatrists, and internists reviewed information collected during the in-home assessments and assigned a diagnosis. 8 13 CIND is a definition that has evolved over the past 20 years 7 and the investigators of the ADAMS have been among the primary developers of this definition. 8 The ADAMS defined CIND as cognitive and functional impairment that did not meet diagnostic criteria for dementia. The ADAMS consensus panel assigned persons with CIND into 12 diagnostic subcategories; the most prevalent subcategories were prodromal Alzheimer disease, impairment due to medical conditions, stroke, and vascular CI without dementia. The relative prevalence of these subcategories is consistent with data from a regional sample of African Americans. 7 A more complete description of CIND and its subcategories is provided by Unverzagt et al, 7 and by Plassman et al. 8 A complete description of the ADAMS sampling strategy and assessment are available by Langa et al. 14 
HRS Cognitive Status Determination
Neuropsychological and diagnostic assessments were completed only on the ADAMS subsample. To use the much larger HRS sample to study health service use and outcomes by cognitive status, we rely on cutpoints based on scales used in the core HRS interviews. 9 We have used the only HRS cognitive status method available for classifying all HRS participants into no CI, CIND, or dementia groups. The predictive value for dementia has been shown to be greatest from scores that rely on cognitive performance in multiple domains. 1 In 1 cohort study with neuropsychological testing for dementia at 6-year follow-up, multiple combinations of baseline performance scores and subjective complaints were shown to predict dementia equally well. 1 Notably, short-term memory, working memory, and speed of processing scores were used. The HRS cognitive status index uses measures from each of these domains. To determine cognitive status in self-respondents, a modified Telephone Interview for Cognitive Status (TICS) was used.
The HRS-modified TICS is a 27-point cognitive index developed from 3 interviewer-administered items that represent short-term memory, working memory, and speed of processing. 9 The 27-point cognitive index includes: (1) an immediate and delayed 10-noun free recall test to measure short-term memory (0 to 20 points possible); (2) a serial 7 subtraction test to measure working memory (0 to 5 points); and (3) a counting backward test to measure speed of mental processing (0 to 2 points). The HRS-modified TICS cognitive index was validated by comparing the distribution of normal, CIND, and dementia cases based on the ADAMS diagnostic assessments with those based on several possible cutpoints on the 27-point modified TICS. This validity assessment was only possible among persons who completed both the ADAMS substudy and the 2002 HRS interview. The best cutpoints showed prevalence estimates that were within 0.5%, 0.9%, and 1.4% of normal, CIND, and dementia prevalence in the ADAMS subsample. Using this approach, a score of 12 or above indicates normal cognitive function, 7 to 11 CIND, and 6 or less dementia.
To determine cognitive status in those using a proxyrespondent, proxy assessments of memory and instrumental activity of daily living (IADL) limitations on 5 IADLs, and interviewer assessment of CI were used. 9 Proxy assessment of memory was scored 0 to 4 (excellent to poor) and interviewer assessment of CI was scored 0 to 2 (no CI, may have CI, and has CI). These scores were added to the total number of 5 IADLs in which the proxy-reported limitation to achieve a score range from 0 to 11. Cutpoints of 0 to 2 (no CI), 3 to 5 (CIND), and 6 to 11 (dementia) are within 2.1, 1.5, and 0.6 percentage points, respectively, of prevalence estimates based on the ADAMS substudy diagnostic assessment. Our categorization of HRS respondents as no CI, CIND, or dementia (eg, Tables 1, 2) is based on the HRS cognitive status index for self-respondents and proxyrespondents described above.
In an another validity assessment of the HRS index, Crimmins and colleagues showed that among HRS selfrespondents, 24% of those diagnosed as demented in the ADAMS were classified as demented and 46% were classified as CIND using the HRS index. Similarly, 25% of selfrespondents diagnosed with CIND in the ADAMS were classified as CIND using the HRS index; 64% were misclassified as no CI. Among HRS self-respondents with no CI based on the ADAMS, 88% were classified as such using the HRS index. For HRS participants with a proxyrespondent, 82% diagnosed with dementia by the ADAMS diagnostic criteria were correctly classified using the HRS index and 51% of participants with CIND were correctly classified. Among those with CIND based on the ADAMS, 25% were misclassified as no CI and 23% as dementia using the HRS index. For those with a proxy-respondent and classified as no CI based on the ADAMS, 75% were classified as such using the HRS index with the remainder having been classified as CIND.
Health Service Use Variables
Information on health service use was obtained from the self, proxy, or exit interview. The exit interview was a proxy interview completed for persons who died in the interim between surveys. Thus, health care use in the final year of life is included in our health service use estimates. Home health care use was defined as "a medically trained person coming to your home to help you." For hospital use, the number of different times the respondent was a patient overnight in a hospital over the past 2 years and the total (across all unique hospital admissions) number of hospital nights were asked. For nursing home, the question was "In the last 2 years have you been a patient overnight in a nursing home, convalescent home, or other long-term health care facility?" The number of different times the respondent was a patient in a nursing home (including any current stay) and the total (across all unique stays) number of nights in a nursing home over the past 2 years were asked. For our analyses, we combined data from the 2004, 2006, and 2008 interviews to determine health service use over the 6-year period 2002 to 2008.
Additional Variables
Death was determined from the National Death Index and provided in the HRS public-use data. Age, sex, ethnicity, and education were self-reported or proxyreported. For chronic illnesses, presence or absence of particular chronic diseases was based on self or proxy reports that a doctor had told the respondent that he/she has the condition. Chronic conditions available in the HRS include congestive heart failure (CHF), heart disease other than CHF, hypertension, lung disease such as chronic bronchitis or emphysema, diabetes, cancer (other than skin), stroke, and arthritis.
Analysis
We first provide descriptive data on the assessments and subjective reports that make-up the cognitive status determination ( Table 3 ). In Table 2 we provide descriptive data on sociodemographic and chronic illness by no CI, CIND, and dementia in 2002. We then present 6-year (2002 to 2008) rates of death and use of home health care, hospital, and nursing home by cognitive status (Table 3) . Figures 1 and 2 provide weighted mean and total, respectively, hospital and nursing home nights for age by sex by cognitive status subpopulations. Both mean and total nights take into account multiple stays over the 2002 to 2008 period; total nights was calculated by multiplying the mean of a subpopulation by the number of persons in that subpopulation. Data were weighted to the 2002 US population by using HRS-supplied sampling weights. We conducted several sensitivity analyses. First, we have shown data for a 6-year window, and we also explored a 2-year window. Second, we explored rates of conversion over time from CIND to no CI and from CIND to dementia. Third, to explore whether demographic or health differences between the groups drive health service use differences, we ran a generalized linear model with a negative binomial distribution to model the mean number of hospital and nursing home nights while adjusting for age, chronic conditions (Table 2) , and years of education. Odds ratios were obtained by exponentiating model coefficients. Finally, to gauge the validity of the health services use by dementia status data on the HRS index for the full HRS sample, we replicated the HRS analyses using the final primary diagnosis available in the ADAMS. This analysis is only possible in the ADAMS subsample with complete data on our other variables of interest (N = 773).
RESULTS

Main Results
Of the 7130 respondents aged 71 years or over in 2002, 85% were self-respondents and 15% were proxyrespondents. Table 1 shows the mean and SDs for the items included in the total cognitive status score separately for the self-respondents and proxy-respondents. On the basis of the no CI, CIND, and dementia cutoffs established for the total score, 24% of self-respondents had CIND and 21% of proxy-respondents had CIND. Dementia, however, was far more prevalent in the proxy-respondents compared with self-respondents at 55% and 8%, respectively. Table 2 shows the mean age for the total sample to be 79 years. The mean ages of the respondents with CIND and dementia were higher compared with those with no CI. For the sample as a whole, 59% was female, but a higher proportion of those with dementia was female (65%). Also, for the sample overall, 7% was Hispanic and 11% non-Hispanic black, but for those with CIND or dementia a higher proportion was minority-10% and 11% Hispanic and 16% and 23% non-Hispanic black, respectively. Mean years of schooling was less for those with CIND or dementia than for those with no CI. The prevalence of several self-reported chronic illnesses differed across no CI, CIND, and dementia groups including diabetes, CHF, and stroke.
Almost 36% of the total sample died between baseline and the 2008 interview as shown in Table 3 . Death was Total score (0-11), note: high score is bad
No cognitive impairment (0-2) 24.5 (267) CIND (3) (4) (5) 20.9 (228) Dementia (6) (7) (8) (9) (10) (11) 54.6 (595) IADL indicates instrumental activity of daily living. more common for those with dementia and 73% of those with dementia had died by the 2008 follow-up, whereas 24% and 44% had died among those with no CI and CIND, respectively. We defined nondeath attrition as persons with no death index or interview data at a particular follow-up. When compared with the no CI group, nondeath attrition was 20% to 30% more prevalent in the CIND and dementia groups. Health care use data over the 6-year observation period unadjusted for attrition show that about one third of the sample used home health services at some point, two thirds had a hospital stay, and one fourth a nursing home stay. These rates are greater among those with impaired cognition, as expected. Home health use was reported by 40% with CIND and 43% with dementia. The percent with a hospital stay, total nights in a hospital over the 6-year period, and mean length of stay differed little between the CIND and dementia groups. Nursing home stays were less common in the CIND group where 29% reported a stay compared with 40% of the dementia group. Total nursing home nights was also less in the CIND group-41 for the CIND compared with 67 for the dementia group. Nursing home mean length of stay was also lower in the CIND group at 86 days compared with 109 days for the dementia group. Figure 1 shows weighted mean hospital and nursing home nights. With the exception of the over 80 female subpopulation, mean hospital nights was modestly lower for the CIND as compared with the dementia subpopulation. In the case of nursing home nights, the mean was greater in the case of CIND for the 71 to 79 male subpopulation and the 90 or over female population. In all other age by sex groups, however, mean nursing home nights was considerably less in the CIND as compared with dementia subpopulation.
Although not shown, in the 2002 population aged 71 years or over there were fewer men than women and the population in both sexes declined with increasing age group. As noted in the introduction, the CIND subpopulation was larger than the dementia subpopulation and this was true within each age by sex category as well. Figure 2 gives a graphic of the total hospital and nursing home nights by CIND or dementia status within age by sex subpopulations. In the case of hospital nights, the CIND subpopulation had nearly twice as many nights in comparison with the dementia subpopulation in each age by sex group except men 90 years or over. And, excepting men above 80 years of age, the CIND population exceeded the dementia population in nursing home nights as well, considerably so in the case of the 71-to 79-year-old male and female populations. A table containing the 95% confidence intervals for the 2002 total US population aged 71 years or over and for the cognitive status subpopulations within 6 age by sex groups as well as the weighted 6-year total nights in hospital and nursing home for these subpopulations is available from the corresponding author on request.
Sensitivity Analysis Results
Sensitivity analyses showed, first, that the pattern of health service use across CIND and dementia populations in the 2-year period 2002 to 2004 was consistent with that observed in the 6-year period 2002 to 2008. Second, conversion from CIND to no CI (22% to 35%) was slightly more common than conversion from CIND to dementia (13% to 18%) in each 2-year period. Third, multivariate models with adjustments for age, chronic conditions ( Table 2) , and years of education showed that, for mean hospital nights, the CIND group had a higher adjusted mean number of hospitalizations than the no CI group (odds ratio 1.16) but the dementia group did not (odds ratio 1.07). In the case of mean nursing home nights, both the CIND and dementia group had a higher adjusted mean than the no CI group, odds ratios of 2.2 and 3.3, respectively. Finally, our reestimation of health services use based on the ADAMS diagnostic assessment available in the ADAMS subsample did not change our conclusions based on the HRS full sample. Estimates for the no CI and dementia groups were remarkably similar (within a few percentage points) for percent with any home health care, overnight hospital stay, and overnight nursing home. However, health services use in the CIND group was greater by 10 percentage points (any home health and overnight hospital) and 5 percentage points (overnight nursing home) in the ADAMS subsample.
DISCUSSION
We have used nationally representative data weighted to the US population to show health care use over a 6-year period for the no CI, CIND, and dementia subpopulations. On the basis of the HRS, the CIND subpopulation 71 years of age or over in 2002 was 5.3 million or 23% of the total population 71 years of age or over. This prevalence resulted in a relatively large impact of the CIND subpopulation on total care nights-71,000 hospital nights and 223,000 nursing home nights. This compares with 32,000 hospital nights and 138,000 nursing home nights in the dementia subpopulation. The female CIND subpopulation in particular had relatively large numbers, approaching 45,000 hospital nights and 170,000 nursing home nights.
The data presented do not diminish the importance of dementia. Our interests were in presenting health service use over a period of time for a cohort of persons with CIND. To put the numbers in perspective, we compared them with persons with no CI and with those with dementia. As noted, persons with dementia were far more likely to die (73%) in the period than persons with CIND (40%), indicating the illness severity of dementia. We did not adjust for attrition due to death, because our objective was to show the total health service use of the cohorts over a period of time.
There are several limitations with this report. First, we have relied upon a cognitive status score derived from measures available in the HRS and this score does not represent an official diagnosis. Data from the ADAMS substudy of the HRS, however, indicate that our health service use estimates are very close for no CI and dementia and conservative for CIND. Also, we relied upon self-reported health service use. Data from a public hospital system indicated that older adults underreported health service use, including hospitalizations, 15 and similarly, data from a large health maintenance organization showed that older adults underreported health service use, although hospital nights was less underreported than outpatient visits. 16 A systematic review found that the accuracy of self-report health service use varies by age and cognitive status. 17 Thus, we would expect that not only are the data that we presented underestimates of use but that respondents with CIND and dementia were more errant in their reporting than respondents with no CI and that respondents with dementia were more errant in their reporting than the respondents with CIND. However, proxy-respondents were far more prevalent in the dementia group than in the CIND group perhaps offsetting the effect of bias from self-respondents with dementia. Proxy interviews have been found in 1 study to result in valid information for chronic illness, 18 but we are not aware of a study of the validity of proxy interviews for health service use. Finally, the ADAMS diagnostic criteria used for validation in this report are nearly a decade old at the time of this writing. Although there have been debates about changing the diagnostic criteria (eg, 19 ), these have not yet been implemented and it is unclear what effect these might have on our estimates of health care impact.
With increasing attention and awareness of the impact of the CIND subpopulation, more resources may be directed at this group. Interventions are being translated that may improve cognition and prevent or delay CIND and perhaps then prevent progression to dementia. If a method of delaying CIND progression by even 6 years were introduced, the number of people affected with dementia by 2050 would be reduced by 38%. 20 At present, there are no disease-modifying treatments for CIND, but cognitive training has been shown to improve cognitive abilities with improvements maintained to 2 years. 21 Similarly, physical exercise is emerging as a promising intervention for preservation of cognitive function. 22 And, there are emerging plausible mechanisms by which cognitive and physical training may be synergistic in their beneficial effects on cognition. 23 Pursuit of these and other efforts may ultimately reduce the health care impact of CIND and dementia.
